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Page/para/line* 
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Eight examples of the invention are described, 
and these are said to result in the production of 
Copolymer A (Example 1) and copolymers B to G 
(Examples 2 to 8), this giving in fact seven 
example copolymers. Subsequently the tables show 
eleven copolymers (A to K) as examples of the 
invention. 
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SPECIFICATION 



1. Title of the invention 

Paper strength reinforcing agents 

2. Scope of the Patent Claims 

1. A paper strength reinforcing agent, characterized 
in that it has as effective component a water-soluble 
copolymer comprising the structural monomer components 

(a) from 0.5 to 10 mol% of monomer which can be 
represented by the general formula [I] indicated below, 

(b) from 0.2 to 5 mol% of ot, ^-unsaturated 
monocarboxylic acid and/or a, (J-unsaturated dicarboxylic 
acid monomer or a salt thereof, and (c) from 85 to 
99.3 mol% acrylamide and/or me thacryl amide monomer. 
General Formula [I] 



[In this formula Ri represents H or CH 3 , R 2 and R 3 each 
individually represent an alkyl group which has one or 
two carbon atoms, A represents an oxygen atom or NH, n 
is an integer of value 2, 3 or 4, and X" represents an 
anionic counter ion.] 

2. A paper strength reinforcing agent according to 
Claim 1, characterized in that the aforementioned 
monomer (a) is represented by the following formula: 



CHj — C 




CH 4 



CH 2 = C 




CH 4 



3. A paper strength reinforcing agent according to 
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Claim 1, characterized in that the aforementioned 
monomer (a) is represented by the following formula: 

H 
I 

C=»0 CHj 
NH*CH 2 -*-,N*-CH a -^)^ 

4. A paper strength reinforcing agent according to 
Claim 1, characterized in that the aforementioned 
a, (3-unsaturated dicarboxylic acid (b) is itaconic acid 
and/or a salt thereof. 

3. Detailed Description of the Invention 

Industrial Field of Application 
The invention concerns paper strength reinforcing 
agents . 

More precisely, the invention concerns paper 
strength reinforcing agents which have a superior paper 
strength reinforcing effect in papermaking systems 
where large amounts of electrolyte are present as in 
sea water for example. 

Prior Art 

The supply of forestry resources which are the raw 
materials for papermaking has become inadequate in 
recent years and the proportion of waste paper which is 
being used as a substitute has increased. Various 
types of paper strength reinforcing agent have been 
used to make up for the decline in paper strength which 
is caused by increasing the proportion of waste paper 
which is being used. 

In particular, polyacrylamide-based polymers are 
widely used as dry paper strength reinforcing agents 
which raise the dry paper strength. 

However, there are cases were large amounts of 
electrolyte are present in the water which is used for 
papermaking purposes due to the dissolution in the 
water of the various electrolytes which are included in 
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the waste paper, in the pulp raw material and the 
accumulation of the aforementioned electrolytes with 
the closing of the paper making process, and cases 
where water for industrial purposes which contains a 
large quantity of electrolytes, such a sea water or 
river water for example, must be used as the water for 
papermaking purposes, and there is a problem that in 
these cases it is difficult to realize the effect of 
the aforementioned polyacrylamide-based polymers and it 
is not possible to achieve a satisfactory paper 
strength reinforcing effect. 



The problem to be resolved by the invention is the 
provision of a paper strength reinforcing agent which 
has a superior paper strength reinforcing effect even 
in cases where a large amount of electrolyte is present 
in the making of paper and board. 



The invention, as a means of resolving the 
aforementioned problem, provides a paper strength 
reinforcing agent which is characterized in that it has 
as effective component a water-soluble copolymer 
comprising the structural monomer components (a) from 
0.5 to 10 mol% of monomer which can be represented by 
the general formula [I] indicated below, (b) from 0.2 
to 5 mol% of a, ^-unsaturated monocarboxylic acid and/or 
a, p-unsaturated dicarboxylic acid monomer or a salt 
thereof, and (c) from 85 to 99.3 mol% acrylamide and/or 
methacrylamide monomer. 
General Formula [I] 



Problem to be Resolved by the Invention 



Means of Resolving This Problem 



CH 2 =C 




[In this formula Ri represents H or CH 3 , R 2 and R 3 each 
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individually represent an alkyl group which has one or 
two carbon atoms, A represents an oxygen atom or NH, n 
is an integer of value 2, 3 or 4, and X" represents an 
anionic counter ion.] 

The benzyl chloride quaternized forms of 
dimethylaminoethyl methacrylate , dimethylaminoethyl 
acrylate, dimethylaminopropyl acrylate, diethylamino- 
ethyl acrylate, dimethylaminopropylmethacrylamide and 
dimethylaminopropylacrylamide can be cited as examples 
of the cationic monomer (a) . From among these the 
benzyl chloride quaternized form of dimethylaminoethyl 
methacrylate or dimethylaminopropyl acrylate are 
especially desirable. 

Examples of the anionic monomer (b) include 
a, (3-unsaturated monocarboxylic acids such as acrylic 
acid and methacrylic acid, a, (J -unsaturated dicarboxylic 
acids such as maleic acid, fumaric acid, itaconic acid 
and citraconic acid, and the sodium, potassium, and 
ammonium, for example, salts of these acids, but 
itaconic acid and its salts are the most effective. Of 
course, combinations of these can be used conjointly. 

In addition to the three components indicated 
above, cationic monomers such as dimethylaminoethyl 
methacrylate can be used conjointly with the (a) 
monomer which is a cationic monomer, and hydrophobic 
monomers such as styrene, acrylonitrile, ethyl acrylate 
and the like can be used as copolymer components in 
amounts such that they do not impede the water 
solubility of the polymer without having an adverse 
effect on the invention. The paper strength 

reinforcing agents of this invention can be synthesized 
by means of the polymerization reactions known in the 
past. That is to say, they can be obtained using an 
appropriate generally known chain transfer agent such 
as isopropyl alcohol, allyl alcohol, sodium 
allylsulphonate or sodium hypophosphite in an aqueous 
solution which contains the prescribed amounts of the 
aforementioned monomers (a) , (b) and (c) and adding a 
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radical polymerization initiator such as ammonium 
persulphate, sodium persulphate or potassium 
persulphate at pH 3 to 6 at the start of the 
polymerization with a monomer concentration of from 5 
to 30 wt%., or by adding a redox polymerization 
initiator in which these persulphates are combined with 
a reducing agent such as sodium bisulphite, and heating 
and stirring the mixture for from 1 to 10 hours at a 
temperature of from 35 to 95°C under an inert gas 
atmosphere . 

The copolymers of this invention preferably have a 
viscosity in a 15 wt% solution of from 300 to 
100,000 cps, and most desirably of from 800 to 
30,000 cps (25°C, Brookfield viscosity) . 

In those cases where the where the viscosity is 
very low at less than 300 cps (where the molecular 
weight is low) the paper strength reinforcing effect is 
poor, and in those cases where the viscosity is very 
high at more than 100,000 cps (where the molecular 
weight is high) excessive coagulation occurs and the 
texture is disturbed and there is an adverse effect in 
that the paper strength is reduced. 

The amount of cationic monomer (a) is preferably 
from 0.5 to 10 mol%. This is because with less than 
0.5 mol% the strength of attachment to the pulp is 
inadequate and with more than 10 mol% not only is the 
amount of (meth) acrylamide which supplies the carbamoyl 
groups reduced but hydrogen bonding is also impeded 
since a large number of hydrophobic groups are present 
and as a result the paper strength is reduced. 

The a, p -unsaturated carboxylic acid which is the 
anionic monomer (b) supplies anionic sites which form 
ionic bonds with the cationic parts or with the 
aluminium ions originating from the aluminium sulphate 
which is often used as a papermaking chemical . The 
amount of a, (J-unsaturated carboxylic acid is preferably 
from 0.2 to 5 mol%, and less than 0.2 mol% is 
insufficient for the f ormatioff~of ionic bonds "and with 
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more than 5 mol% there is a trend toward an adverse 
effect on the dispersion of the pulp, and especially 
fine fibre-like pulp, and the yield, and this is 
undesirable . 

The a, (5 -unsaturated dicarboxylic acids are 
preferable to the a, ^-unsaturated monocarboxylic acids 
for the monomer (b) , and itaconic acid is the most 
desirable from among the a, (^-unsaturated dicarboxylic 
acids . 

The paper strength reinforcing agents of this 
invention are used with the addition of from 0.05 to 
4 wt% with respect to the pulp dry weight of the liquid 
aqueous dispersion of the pulp. The addition of the 
paper strength reinforcing agent can be made at any 
point in the papermaking process where the pulp is well 
dispersed in water. The known sizing agents, paper 
strength reinforcing agents, freeness improving agents 
and the like can also be used conjointly when 
papermaking . 

Action 

The paper strength reinforcing agents of this 
invention exhibit a superior paper strength reinforcing 
effect even in systems where large amounts of 
electrolytes and salts are present. 

The important factors for a paper strength 
reinforcing agent to provide a satisfactory paper 
strength reinforcing effect include the strength of 
attachment to the pulp, the ionic bonding strength with 
the cationic sites and the anionic sites in the paper 
strength improving agent and the bonding strength of 
the anionic sites in the paper strength reinforcing 
agent which have bonded with aluminium ions in the 
papermaking system, and the extent of the carbamoyl 
structure which is related to the hydrogen bond 
formation capacity by which the paper strength 
reinforcing effect is achieved. 

The attachment to the pulp is said to be due to 
electrostatic ionic bonds between the pulp which is 



- 8 - 



negatively charged and the cationic sites of the paper 
strength reinforcing agent which is a polymer 
electrolyte material. In systems which contain a large 
amount of electrolyte many other ions are also present 
and so satisfactory attachment to the pulp does not 
occur and as a result no paper strength reinforcing 
effect is achieved, but the paper strength reinforcing 
agents of this invention have hydrophobic benzyl groups 
in the monomer (a) from which the cationic parts are 
formed and it is thought that these benzyl group parts 
are readily adsorbed on the hydrophobic parts of the 
pulp and contribute towards an improvement of the 
attachment of the paper strength reinforcing agent to 
the pulp. 

Furthermore, the a, p-unsaturated carboxylic acid 
monomer (b) provides anionic sites which form ionic 
bonds with aluminium ions. The a , p-unsaturated 

dicarboxylic acids are superior to the a, (3-unsaturated 
monocarboxylic acids for the monomer (b) , and it is 
thought that this is because the ionic bonds with the 
cationic functional groups between the said copolymer 
molecules or the ionic bonds with the aluminium ions 
which originate from the alum earth (aluminium 
sulphate) are strengthened, and the amount of anionic 
monomer which should be introduced into the said 
copolymer can be reduced when compared with the 
monocarboxylic acids as they are polyf unctional and as 
a result of this the amount of acrylamide which is 
thought to contribute to reinforcement can be 
increased. 

Illustrative Examples 
Illustrative examples of the paper strength 
reinforcing agents of this invention and examples of 
their use are described below, but the invention is not 
limited to just these examples. The term "%" used 
hereinafter signifies "wt%" in the absence of any 
indication to the contrary. 
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Example 1 

De-ionized water (663.1 g) , 243.2 g of 50% 
acrylamide aqueous solution, 19.16 g of an 80% aqueous 
solution of (3-methacryloyloxyethyldimethylbenzyl- 
ammonium chloride, 4.68 g of itaconic acid, and 12.95 g 
of 2% sodium hypophosphite aqueous solution were 
introduced into a four-necked flask of 1 litre capacity 
which had been furnished with a stirrer, a thermometer, 
a reflux condenser and a nitrogen gas delivery tube and 
then, after adjusting to pH 4.0 with 15% sodium 
hydroxide aqueous solution, the temperature was raised 
to 60°C while delivering nitrogen gas, 4.11 g of 5% 
ammonium persulphate aqueous solution were added and a 
polymerization reaction was initiated. Subsequently, 
the temperature was maintained at 75°C for 3 hours and 
the polymerization reaction was completed. 

The polymer obtained in this way was a transparent 
aqueous solution of involatile fraction 15.5%, 
Brookfield viscosity at 25°C, 7200 cps and pH 4.3. 
This is referred to hereinafter as Copolymer A. 
Examples 2 to 8 

Polymerization reactions were carried out in the 
same way as in Example 1 with the structural monomer 
component formulations shown in Table 1 and aqueous 
copolymer solutions B to I were obtained. Moreover, 
the polymerizations were carried out with appropriate 
adjustment of the amount of chain transfer agent so as 
to obtain viscosities of the same order. 

The properties of the copolymers obtained in the 
examples are shown in Table 1 . 

The monomers ai, a 2 , bi, b 2/ b 3 , Ci, c 2 , di, d 2 and d 3 
in Table 1 and Table 2 were as follows: 
ai : p-methacryloyloxyethyldimethylbenzylammonium 
chloride 
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CH, 



C = 0 CH, 
0- (CHjJ^-^N-CKi 



CH 5 



3-Acrylamidopropyldimethylbenzylairanoniiom chloride 



bi: Itaconic acid 

b2 : Maleic acid 

b 3 : Acrylic acid 

Ci: Acrylamide 

C2 : Methacrylamide 

di: Dimethylaminoethyl methacrylate 

d 2 : di which had been quaternized using CH 3 C1 
methacryloyloxyethyltrimethylammonium chloride) 

d3 : Dimethylaminopropylacrylamide 



CH 2 =C 




Properties 


Viscosity 
at 25°C 
(cps) 
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O O 
CN rH 

in h n oo Q^LOLDromro 

CTi (T\ (Ti CO CTi CTi C7> (Xt 

rH rH t-H ( i— 1 i— 1 i-H t-H i— 1 

r> co 

rH rH 

o o 


Monomer 
(b) 


rHi-HrHi-HrHt-H(NrHmi-H«-H 
^J^rQrQrQrQrQrQrQrQrQ 


Monomer 
(a) 


rorHLO^rorornroro^^ 

rHrHrH rH <-H r-H (N i— 1 rH (N 


Copolymer 
No. 
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Comparative Examples 1 to 8 

Polymerization reactions were carried out in the 
same way as in Example 1 with the structural monomer 
component formulations shown in Table 2 and aqueous 
copolymer solutions a to g were obtained. Again, the 
polymerizations were carried out with appropriate 
adjustment of the amount of chain transfer agent. 

The properties of the copolymers obtained in the 
comparative examples are shown in Table 2 . 



Properties 


Viscosity 
at 25°C 
(cps) 
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Fraction 
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Monomer other than (a) , 
(b) and (c) 
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Monomer (c) 
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rH 
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rH 
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Monomer 
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Monomer 
(a) 
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Copolymer 
No. 
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Exaxnple of Use 1 

In order to clarify the effect of the paper 
strength reinforcing agents of this invention in a 
papermaking system which contains a large amount of 
electrolyte, using a mixture of town water /sea water = 
8/2 (electrical conductivity 8200 pMho/cm, hardness 
1300 ppm) as the papermaking water, 2.0% (with respect 
to the pulp dry weight, same hereinafter) of alum earth 
was added to a 2.5% liquid aqueous dispersion of 
corrugated paper waste of Canadian Standard Freeness 
(referred to hereinafter as CSF) 399 ml and then 1.0% 
each of the copolymers obtained in the examples or 
comparative examples was added individually. The pulp 
slurry was diluted to 0.33% and papermaking was carried 
out using hand apparatus produced by Noble and Wood (pH 
when making paper 5.0) and then it was dried in a drum 
drier at 110°C for 1.5 minutes and handmade paper (I) 
of weight 82 ± 2 g/m 2 and handmade paper (II) of weight 
165 ± 3 g/m 2 were obtained. The handmade paper obtained 
was equilibrated for 24 hours under conditions of 
relative humidity 65% at 20°C and then the comparative 
bursting strength of the handmade paper (I), and the 
comparative compression strength and flat surface 
compression strength of the handmade paper (II) were 
measured. The results are shown in Table 3. Moreover, 
the measurement of the properties in the examples of 
use were carried out using the methods indicated below. 
Comparative Bursting Strength: JIS P-8112 
Comparative Compression Strength: JIS P-8126 
Comparative Flat Surface Compression Strength: 

The measurement was made in accordance with Japan 
Tappi Paper Pulp Test Methods Nos . 29-78 "Flat surface 
compression strength test method of corrugated media 
for corrugated paper purposes" after equilibration for 
24 hours in a constant temperature, constant humidity 
chamber at relative humidity 65% and temperature 20°C 
after corrugation. 
Tear length: JIS P-8113 
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Table 3 



Copolymer 
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b 
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c 
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d 
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e 
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f 
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u 


g 
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2.92 


18.3 


13.4 


Added 









It is clear from Table 3 that the paper strength 
reinforcing agents of this invention have a superior 
paper strength reinforcing effect in a system which 
contains a large amount of electrolyte. 
Example of Use 2 

Town water which contained various salts (Note 1) 
was prepared as water for papermaking purposes and 
paper was made using this water with the same procedure 
as in Example of Use 1 using corrugated paper waste of 
CSF 383 ml and measurements were made in order to 
clarify the effect of the paper strength reinforcing 
agents of this invention in a system with a closed 
papermaking process which contained a large amount of 
electrolyte. The results are shown in Table 4. As is 
clear from this table, the paper strength reinforcing 
agents of this invention had a superior paper strength 
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reinforcing effect even in a papermaking system in 
which large amounts of salts had accumulated. 
Note 1: Salt containing town water: 

This comprised water where the salts indicated 
below were included in 10 litres of town water. 

Na 2 S0 4 6.8 g 

CaCl 2 5.0 g 

MgCl 2 1.7 g 

K 2 S0 4 0.6 g 

Electrical Conductivity 1900 jiMho/cm, hardness 630 ppm 



Table 4 



Copolymer 




LomparaLive 


comparative 
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None 


2.49 


18.0 


12 .4 


Added 









Example of Use 3 

In order to clarify the effect of the paper 
strength reinforcing agents of this invention in a 
papermaking system in which Ryuso unbleached Kraft pulp 
is used, 0.3% of alum earth and 0.4% of each of the 
copolymers obtained in the examples and comparative 



-17- 

examples individually were added to a liquid 2.5% 
aqueous dispersion (slurry pH 10.5, electrical 
conductivity 820 pMho/cm) of Ryuso unbleached Kraft 
pulp of CSF 532 ml. This pulp slurry was diluted to 
0.33% and papermaking was carried out using hand 
apparatus produced by Noble and Wood (pH when making 
paper 8.0) and then it was dried in a drum drier at 
110°C for 1.5 minutes and handmade paper (I) of weight 
75 ± 2 g/m 2 and handmade paper (II) of weight 150 ± 
2 g/m 2 were obtained. 

The handmade paper obtained was equilibrated for 
24 hours under conditions of relative humidity 65% at 
20°C and then the tear length of the handmade paper (I) 
and the comparative compression strength of the 
handmade paper (II) were measured. The results are 
shown in Table 5. As is clear from this table, the 
paper strength reinforcing agents of this invention 
also had a superior paper strength reinforcing effect 
even with Ryuso unbleached Kraft pulp which contained a 
large amount of lignin-sodium etc. 



Table 5 



Copolymer 


Tear 


Length 


Comparative 


Compression 


No 






(km) 


Strength 






A 


8 


.23 


23 


.7 






B 


8 


.14 


23 


.2 


o 




C 


8 


.25 


24 


.1 


-H 
4J 




D 


8 


.11 


24 


.2 






E 


8 


.22 


23 


.4 


> 




F 


8 


.06 


24 


.4 


H 




G 


8 


.10 


23 


.2 


w 

•H 




H 


8 


.15 


23 


.7 


X! 
£h 




I 


8 


.02 


23 


.1 






J 


8 


.18 


23 


.9 






K 


8 


.22 


24 


.0 


<D 




a 


7 


.99 


23 


.0 






b 


8 


.02 


22 


.7 


u & 

* a 
a x 




c 


7 


.97 


22 


.4 




d 


8 


.00 


22 


.8 




e 


7 


.99 


22 


.6 


o w 




f 


7 


.98 


22 


.5 


a 




g 


7 


.96 


22 


.7 


None 




7 


.93 


22 


.0 


Added 
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Ex ample of Use 4 

In order to clarify the effect of the paper 
strength reinforcing agents of this invention on 
plasterboard base paper, 1.0% of saponified rosin size 
(PFP produced by the Dick Hercules Co.) and 2.5% of 
alum earth were added to a 2.5% aqueous liquid 
dispersion obtained using pulp (Note 2) procured from 
the Plasterboard Base Paper Manufacturing Co. and then 
0.3% of each of the copolymers obtained in the examples 
and comparative examples was added respectively. 

The pulp slurry was diluted to 0.33% and 
papermaking was carried out using hand apparatus 
produced by Noble and Wood (pH when making paper 5.5) 
and then it was dried in a drum drier at 110 °C for 
1.5 minutes and handmade paper of weight 160 ± 2 g/m 2 
was obtained. The handmade paper so obtained was 
equilibrated for 24 hours under conditions of relative 
humidity 65% at 20°C and then the tear length and the 
comparative bursting strength were measured. The 
results are shown in Table 6. 

As is clear from this table, the paper strength 
reinforcing agents of this invention also have a 
superior paper strength reinforcing effect in the case 
of plasterboard base paper. 

(Note 2) : The pulp comprised a mixture of old newspaper 
paper and old magazine paper (CFS 160 ml) and the 
analysis values for this pulp slurry were as indicated 
below. 



PH 

Electrical conductivity 
Total hardness 
Total acidity 
Total alkalinity 
Sulphate ion 
Chlorine ion 



6.6 



770 jiMho/cm 



Calcium ion 



Potassium ion 



Sodium ion 



43 0 ppm 

25 ppm 

290 ppm 

510 ppm 

27 ppm 

64 ppm 

13 0 ppm 

22 ppm 
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Table 6 



Copolymer 


j. cclx. Liciiy uii 


Ootttpi^ Y~ ^ f~ i Rnrch "i nrr 
v— Kjiii^jcxx. a \ l vc oll-l. o i Liiy 


JNIO , 






on t-iiy 




A 


Z . :? U 






B 


9 99 

Z . _7 Z 


1 R9 

X . J z 


O 


C 


9 9 


1 . Ql 


•H 

4-> 


D 


9 fit; 


j. . j D 


C 


E 


9 P9 
Z • oz 


1 R7 
X . D / 


> 
B 


F 


9 R7 
z . o / 


X . D j 


H 


G 


9 PA 
Z . o 


X . DD 


W 
-H 


H 


9 RQ 
Z . O J 


X . D / 


e« 


I 


9 fin 

z . o u 






J 


2 . 86 


1 . 57 




K 


2 .90 


1.58 




a 


2 .55 


1.39 




b 


2.60 


1.42 


^ & 
& X 


c 


2 .65 


1.43 


d 


2 .68 


1.45 


e 


2 .72 


1.48 


g W 


f 


2 .68 


1.46 


u 


g 


2.69 


1.47 


None 


2 .47 


1.23 


Added 







Example of Use 5 

In order to clarify the effect of the paper 
strength reinforcing agents of this invention in an 
actual system where the papermaking process was a 
closed system, 1.0% of alum earth was added a 2.5% 
liquid aqueous dispersion obtained using pulp (Note 3) 
procured from a paper manufacturing company in the 
suburbs of the city which used a closed system and then 
0.4% of each of the copolymers obtained in the examples 
and comparative examples was added respectively. The 
pulp slurry was diluted to 0.33% and papermaking was 
carried out using hand apparatus produced by Noble and 
Wood (pH when making paper 4.5) and then it was dried 
in a drum drier at 110 °C for 1.5 minutes and handmade 
paper (I) of weight 80 ± 2 g/m 2 and handmade paper (II) 
of weight 160 ± 2 g/m 2 was obtained. The handmade paper * 
so obtained was equilibrated for 24 hours under 
conditions of relative humidity 65% at 20°C and then 
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the comparative bursting strength of the handmade paper 
(I) and the comparative compression strength of the 
handmade paper (II) were measured. The results are 
shown in Table 7 . 

As is clear from this table, the paper strength 
reinforcing agents of this invention also had a 
superior paper strength reinforcing effect when pulp 
which contains a large amount of electrolytes as used 
by paper manufacturing companies is being used. 
(Note 3) : The pulp comprised corrugated paper waste 
(CFS 416 ml) and the analysis values for this pulp 
slurry were as indicated below. 



PH 

Electrical conductivity 
Total hardness 
Total acidity 
Total alkalinity 
Sulphate ion 



4.4 



3340 uMho/cm 



1250 ppm 
555 ppm 



Calcium ion 



Chlorine ion 



Sodium ion 



0 ppm 

440 ppm 

3 8 ppm 

42 ppm 

68 ppm 
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Table 7 



Copolymer 


C* c\t(\t\^ 1" "i \T£* "Ri i r* Q t~ "i n n 


ff^TTIT^P T~ ^ i~ 1 T7"0 
\_. l l^j Q. i- ciui vc 


JNO 






P* Pittite y" Q c "i nn Qf- c±r~\r\\~\\ 








1 Q Q 
J- o ■ o 




T") 


2 60 


1ft 5 


a 
o 


C 






*H 


D 






(U 


E 


z< . u 


1ft 9 


> 


F 


9 fift 


1 Q ? 


H 


Cj 




1ft R 


01 
■H 


H 




1 ft ft 

J. o > o 


03 
Eh 


I 




1ft ^ 

J- O . -J 




J 


2 . 67 


18 . 7 




K 


2.64 


18.5 




a 


2.40 


15.5 


Z * 


b 


2.44 


16.0 


iparat: 
xample 


c 


2.50 


17.2 


d 


2.52 


17.4 


e 


2.53 


17.9 




f 


2.50 


17.5 


a 


g 


2.52 


17.6 


None 


2.37 


14.7 


Added 







Effect of the Invention 
The paper strength reinforcing agents of this 
invention can provide a superior paper strength 
reinforcing effect in papermaking systems in which 
large amounts of electrolyte are included. 



Agent: Patent Attorney K. Takahashi 

At this point in the Japanese text there is included a 
procedural amendment by the applicant, dated 17 th 
December 1986, correcting three typographic errors in 
the original Japanese text, and these corrections have 
been incorporated un-remarked into this translation. 
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There follows on the four supplementary pages an 
amended version of the Scope of the Patent Claims and 
of the text from line 8 on page 3 to line 15 on page 11 
of the Japanese text. It is noted that the name of the 
applicant name has been changed to the Japan P.M.C. Co. 
Ltd. 
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[ Amended Claims] 

Scope of the Patent Claims 

1. A paper strength reinforcing agent, characterized 
in that it has as effective component a water-soluble 
copolymer obtained from monomer components which 
include (a) from 0.5 to 10 mol% of monomer which can be 
represented by the general formula [I] indicated below, 
(b) from 0.2 to 5 mol% of at least one monomer from 
among the a, (^-unsaturated monocarboxylic acids, a, (3- 
unsaturated dicarboxylic acids and their salts, and (c) 
from 85 to 99.3 mol% acrylamide and/or me thacryl amide 
monomer . 

General Formula [I] 



[In this formula Ri represents H or CH 3 , R 2 and R 3 each 
individually represent an alkyl group which has one or 
two carbon atoms, A represents an oxygen atom or NH, n 
is an integer of value 2, 3 or 4, and X" represents an 
anionic counter ion.] 

2. A paper strength reinforcing agent according to 
Claim 1, characterized in that the monomer which is 
represented by general formula [I] of (a) is a monomer 
which can be represented by the general formula [II] 
indicated below. 
General Formula [II] 



CH 7 =C 




li 




[In this formula R x represents H or CH 3 , R 2 and R 3 each 
individually represent an alkyl group which has one or 
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two carbon atoms, n is an integer of value 2, 3 or 4, 
and X" represents an anionic counter ion.] 

3. A paper strength reinforcing agent according to 
Claim 2, characterized in that the monomer represented 
by general formula [II] is represented by the chemical 
formula [ii] indicated below. 

CI. 
C1,= C 

t 

4. A paper strength reinforcing agent according to 
Claim 1 , characterized in that the monomer which is 
represented by general formula [I] of (a) is a monomer 
which can be represented by the general formula [III] 
indicated below. 

General Formula [III] 

t, 

i 

[In this formula Ri represents H or CH 3/ R 2 and R 3 each 
individually represent an alkyl group which has one or 
two carbon atoms, n is an integer of value 2, 3 or 4, 
and X" represents an anionic counter ion. ] 

5. A paper strength reinforcing agent according to 
Claim 4, characterized in that the monomer represented 
by general formula [III] is represented by the chemical 
formula [iii] indicated below. 

i 

I 

r 

M-rei,).-i*-rar@tCi° ti ] 
cr, 

6. A paper strength reinforcing agent, according to 
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any of Claims 1 to 5, characterized in that the 
aforementioned a, (3-unsaturated dicarboxylic acid of (b) 
is itaconic acid. 

[Amended Text] 

The invention concerns paper strength reinforcing 
agents which have a superior paper strength reinforcing 
effect for papermaking systems in which a large amount 
of electrolyte is present. 

Prior Art 

The supply of forestry resources which are the raw 
materials for papermaking has become inadequate in 
recent years and the proportion of waste paper which is 
being used as a substitute has increased. When waste 
paper is used in the raw material for papermaking in 
this way, various electrolytes are dissolved out into 
the papermaking water and, with the closing of the 
papermaking process, the water for papermaking purposes 
is being used continuously and, as a result, the 
electrolytes gradually accumulate and large amounts of 
electrolyte are included in the water for papermaking 
purposes . 

Furthermore, there are cases where sea water and 
river water and industrial water which contain large 
amounts of electrolytes must be used as water for 
papermaking purposes . 

Problems to be Resolved by the Invention 

However, when papermaking is carried out using 
water which contains a large amount of electrolyte of 
this type there is a problem in that a satisfactory 
paper strength reinforcing effect is not obtained in 
those cases where a paper strength reinforcing agent 
which contains a polyacrylamide-based polymer of the 
type widely used in general as the effective component 
of a dry paper strength reinforcing agent which 
increases the dry paper strength has been used. 

The aim of the present invention is to provide 
paper strength reinforcing agents which exhibit a 
superior paper strength reinforcing effect even in 
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papermaking systems in which water which contains a 
large amount of electrolyte is used. 



In order to resolve the abovemeritioned problems, 
the present invention provides a paper strength 
reinforcing agent which is characterized in that it has 
as effective component a water-soluble copolymer 
obtained from monomer components which include (a) from 
0.5 to 10 mol% of monomer which can be represented by 
the general formula [I] indicated below, (b) from 0.2 
to 5 mol% of at least one monomer from among the of,f$- 
unsaturated monocarboxylic acids, a, p-unsaturated 
dicarboxylic acids and their salts, and (c) from 85 to 
99.3 mol% acrylamide and/or methacrylamide monomer. 
General Formula [I] 



[In this formula Ri represents H or CH 3 , R 2 and R 3 each 
individually represent an alkyl group which has one or 
two carbon atoms, A represents an oxygen atom or NH, n 
is an integer of value 2, 3 or 4, and X" represents an 
anionic counter ion.] 

Furthermore, there is provided a paper strength 
reinforcing agent where the abovementioned monomer of 
general formula [I] of (a) is a monomer which can be 
represented by the general formula [II] indicated 
below. At this time the monomer represented by the 
chemical formula (ii) indicated below is preferred. 
General Formula [II] 



Means of Resolving These Problems 



cn 2 ~c 




ii 




it) 



[In this formula Ri represents H or CH 3/ R 2 and R 3 each 
individually represent an alkyl group which has one or 
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two carbon atoms, n is an integer of value 2, 3 or 4, 
and X* represents an anionic counter ion.] 
Chemical Formula (ii) 



-0 



Furthermore, there is provided a paper strength 
reinforcing agent where the abovementioned monomer of 
general formula [I] of (a) is a monomer which can be 
represented by the general formula [III] indicated 
below. At this time the monomer represented by the 
chemical formula (iii) indicated below is preferred. 
General Formula [III] 

I 

c-a Si 



[In this formula Ri represents H or CH 3/ R 2 and R 3 each 
individually represent an alkyl group which has one or 
two carbon atoms, n is an integer of value 2, 3 or 4, 
and X" represents an anionic counter ion.] 
Chemical Formula (iii) 



i 
r 

C-0 



cr, 



ti] 



Furthermore, in the cases indicated above the 
abovementioned a, p-unsaturated dicarboxylic acid of (b) 
is preferably itaconic acid. 

The invention is described in detail below. 

The paper strength reinforcing agents of this 
invention have as the effective component a water- 
soluble copolymer which has been obtained from monomer 
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components which include the abovementioned (a) , (b) 
and ( c ) components . 

The monomers which can be represented by the 
abovementioned general formula [I] of the 
abovementioned (a) component are cationic monomers, but 
they can be divided into the ester-based monomers of 
the abovementioned general formula [II] and the amide- 
based monomers of the abovementioned general 
formula [III] . 

The benzyl chloride quaternized forms of 
dimethylaminoethyl me thacrylate , dimethylaminoethyl 
acrylate, dimethylaminopropyl acrylate and 

diethyl amino ethyl acrylate can be cited as actual 
substances which can be represented by the 
abovementioned general formula [II] . From among these 
the benzyl chloride quaternized form of 
dimethylaminoethyl methacrylate which is represented by 
the abovementioned chemical formula (ii) is preferred. 

Furthermore, the benzyl chloride quaternized forms 
of dimethylaminopropylmethacrylamide and dimethylamino- 
propylacrylamide can be cited as actual substances 
which can be represented by the abovementioned general 
formula [III] . From among these, the benzyl chloride 
quaternized form of dimethylaminopropylacrylamide which 
can be represented by the abovementioned chemical 
formula [iii] is preferred. 

The abovementioned compound (b) is an anionic 
monomer, and examples include a, p -unsaturated 
monocarboxylic acids such as acrylic acid and 
methacrylic acid, a, (J-unsaturated dicarboxylic acids 
such as maleic acid, fumaric acid, itaconic acid and 
citraconic acid, and the sodium, potassium and ammonium 
salts of these acids, but from among these itaconic 
acid and its salts have the best effect. Of course, 
combinations of these can be used conjointly. From 
among these, at least one monomer from the group 
comprising the a, (3-unsaturated monocarboxylic acids, 
the a, (3-unsaturated dicarboxylic acids, and their 
salts, can be used ultimately as the anionic monomer. 



In addition to (a) and (b) indicated above, the 
acrylamide and/or methacrylamide of (c) indicated above 
is used as a copolymer component, and in addition to 
these three components cationic monomers such as 
dimethylaminoethyl methacrylate can be used conjointly 
with the (a) component, and in addition to these 
hydrophobic monomers such as styrene, acrylonitrile, 
ethyl acrylate and the like can be used as copolymer 
components in suitable amounts such that they do not 
impede the water solubility of the polymer which is 
obtained from these components . 

To produce a water-soluble copolymer which can be 
obtained from monomer components which include (a) , (b) 
and (c) as described above, an appropriate generally 
known chain transfer agent such as isopropyl alcohol, 
allyl alcohol, sodium allylsulphonate or sodium 
hypophosphite in an aqueous solution which contains 
these monomers and the other monomers mentioned above, 
as required, is used, and a radical polymerization 
initiator such as ammonium persulphate, sodium 
persulphate or potassium persulphate, or a redox 
polymerization initiator in which these persulphates 
are combined with a reducing agent such as sodium 
bisulphite, is added at pH 3 to 6 at the start of the 
polymerization with a monomer concentration of from 5 
to 30 wt%, and the mixture is heated and stirred for 
from 1 to 10 hours at a temperature of from 35 to 95°C 
under an inert gas atmosphere. 

The water-soluble copolymers obtained in this way 
preferably have a viscosity in a 15 wt% solution of 
from 300 to 100,000 cps, and most desirably of from 800 
to 30,000 cps (25°C, Brookfield viscosity). 

In those cases where the viscosity is very low at 
less than 300 cps (where the molecular weight is low) a 
paper strength reinforcing agent in which this water 
soluble copolymer forms the effective component has a 
poor paper strength reinforcing effect, and in those 
cases where the viscosity is very high at more than 
100,000 cps (where the molecular weight is high) 



-30- 

excessive coagulation of the water-soluble copolymer 
occurs and the texture is disturbed and a paper 
strength reinforcing agent in which this water-soluble 
copolymer forms the effective component has an adverse 
effect such as reducing the paper strength. 

The amount of cat ionic monomer (a) when a water- 
soluble copolymer obtained from monomer components 
which include the abovementioned components (a) , (b) 
and (c) is obtained in accordance with the present 
invention is preferably from 0.5 to 10 mol%. This is 
because with less than 0.5 mol% the strength of 
attachment of the water-soluble copolymer to the pulp 
is inadequate and with more than 10 mol% not only is 
the amount of (meth) aery 1 amide which supplies the 
carbamoyl groups reduced but the hydrogen bonding 
between the water-soluble copolymer and the cellulose 
fibres is also impeded since a large number of 
hydrophobic groups due to the benzyl groups of the (a) 
component are present, and as a result the paper 
strength is reduced. 

Furthermore, the abovementioned a, (3 -unsaturated 
carboxylic acid component (b) supplies the anionic 
sites which form ionic bonds with the cationic parts of 
the copolymer which is present in the paper strength 
reinforcing agent which has the water-soluble copolymer 
which has been obtained as the effective component or 
with the aluminium ions of the aluminium sulphate (alum 
earth) which is often used as a papermaking chemical, 
and the amount used is preferably from 0.2 to 5 mol%, 
and less than 0.2 mol% is insufficient for forming 
these ionic bonds and with more than 5 mol% the paper 
strength improving agent in which the water-soluble 
copolymer obtained is used tends to have an adverse 
effect on the dispersion of pulp, and especially that 
of fine fibre-like pulp, and on the yield of the pulp, 
and this is undesirable. 

Among the a, (3-unsaturated carboxylic acids, the 
a, p-unsaturated dicarboxylic acids are preferable to 
the a, (3 -unsaturated monocarboxylic acids, and itaconic 
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acid from among these acids is the most desirable. 

The paper strength reinforcing agents of this 
invention which have a water-soluble copolymer obtained 
from monomer components which include the 
abovementioned (a), (b) and (c) components as the 
effective component are used with the addition of from 
0.05 to 4 wt% with respect to the pulp dry weight of 
the aqueous liquid dispersion of the pulp. The 
addition can be made at any point in the papermaking 
process where the pulp is well dispersed in water. The 
known sizing agents, paper strength reinforcing agents, 
freeness improving agents and the like can also be used 
conjointly when papermaking. 

Action 

The water-soluble polymers of this invention have 
both cationic sites and anionic sites and it is thought 
that the paper strength reinforcing effect is shown 
since the strength of attachment on the pulp due to the 
electrostatic ionic bonding of the cationic sites with 
the negatively charged pulp is superior and, 
furthermore, the copolymer is strongly bonded together 
by ionic bonding between its cationic sites and anionic 
sites and, furthermore, when aluminium sulphate is used 
in the papermaking system the anionic sites of the 
water soluble copolymer bond with the aluminium ions 
which are attached to the pulp and, moreover, there is 
a capacity to form hydrogen bonds between the carbamoyl 
groups which are structures arising from the 
(meth) acrylamide component and the cellulose fibres of 
the pulp. If a large amount of electrolyte is present 
in the papermaking system at this time the 
abovementioned ionic bonding is impeded and the 
attachment of the water-soluble copolymer to the pulp 
with ionic bonding is impeded, but it is thought that a 
paper strength reinforcing effect is realized since the 
hydrophobic benzyl groups of the abovementioned (a) 
component are adsorbed readily on the hydrophobic parts 
of the cellulose fibres of the pulp. 

If at this time an a, p-unsaturated dicarboxylic 



acid is used for the abovementioned component (b) and 
no a, fj-unsaturated monocarboxylic acid is used then the 
ionic bonds with the cationic sites in the water- 
soluble copolymer obtained and the ionic bonds with 
aluminium ions when aluminium sulphate is being used 
conjointly are stronger, and since they are 
difunctional acids the same number of anionic sites can 
be obtained with a smaller copolymer fraction in the 
water-soluble copolymer and it is possible to increase 
the copolymer fraction of (meth) acrylamide which has 
the hydrogen bond forming capacity described above by 
the extent of this reduction and so it is thought that 
the paper strength reinforcing effect is superior to 
that when an a, p-unsaturated monocarboxylic acid is 
used. 



